Abstract. This article studies the characteristics of fatty pork and animal by-products not intended for human consumption (in Spain SANDACH). We assess category 1 and 3 and mixtures thereof with diesel for use as fuel in a combustion chamber at constant pressure which has a mechanical pulverization burner pressure and emulsion.
Introduction
Mad cow disease, or bovine spongiform encephalopathy (BSE), is a disease caused by prions which can be transmitted to humans through the consumption of infected animal parts, especially nerve tissues. On 3 October 2002, the EU adopted EC Regulation 1774/2002 on animal by-products not intended for human consumption (in Spain, SANDACH). The regulations establish animal and public health standards for the collection, transport, storage, handling, processing and use or disposal of such products. Table 1 shows to transformed animal fat production in Castilla y León (the largest region in Spain, most of which is agriculture and livestock land), mainly with regard to production at certain slaughterhouses and cutting plants. This information classifies to transformed category animal fat into the three categories in line with EC Regulation 1774/2002. 
Characterization of animal fats and diesel as fuel
Characterization of pork fat (referred to as PR), in to transformed category 1 animal fat (referred to as CU) and to transformed category 3 animal fat (referred to as CT), and diesel, the characterization was carried out at the Castilla y León Regional Fuel Laboratory (LARECOM). Table 2 shows the main characteristics.
The characteristics of the various substances, shown in Table 2 , evidence how the three kinds of fats (PR, CU, CT) display quite similar characteristics. The main differences with regard to diesel concern factors such as viscosity and percentage of oxygen. We conclude that due to viscosity a specific burner should be used for the combustion process. As regards oxygen, a lower air flow should be used. 
Characterization of animal fat mixtures and diesel as fuel
Each sample is labelled with an identification code, consisting of two letters and two numbers:
PR-00 CU-00 CT-00
• The letters PR refer to edible pork fat, the letters CU to transformed category 1 animal fat, and the letters CT to transformed category 3 animal fat.
• The numbers represent the percentage (%) of fat used in the mixture.
Four mixtures are prepared for each type of fat, using different percentages (10, 20, 30 and 40%). Tables 3, 4 and 5 show the characteristics of each of the mixtures. Determining the characteristics of the mixtures is obtained: i) from other known properties (derivatives). ii) from a (theoretical) knowledge of said properties in the pure components that make up the mixture and iii) from (empirical) laboratory measurements such as the viscosity of each of the mixtures determined in the laboratory. To characterize a fuel obtained from a mixture of fat and diesel, in addition to the previously mentioned features, the characterization of the dissolution process of the fats in diesel also needs to be known. This provides us with a knowledge of the kind of mixture as well as the characteristics linked to the type of mixture such as the presence of paraffins or crystals which might affect the combustion process and/or the installation's feeding systems (pumps, nozzles, burner, filters, etc.).
In general terms, the mixtures are classified into homogeneous and heterogeneous mixtures. Homogeneous mixtures optimally display a single stage and even distribution of their physical-chemical properties. Heterogeneous mixtures display two or more stages and an uneven distribution of their properties. The burner technology used in this study requires a homogeneous mixture. For this reason we conduct a study of the dissolution of the mixture in fat in diesel.
The studies carried out for the various types of fat (PR, CU and CT) and the different percentages of mixtures (10, 20, 30 and 40%) lead us to conclude that for combustion of the mixtures animal fats and diesel mixtures need to be heated and stirred in order to obtain a homogeneous mixture.
The mixture must reach a temperature of 38 ºC and be stirred constantly. This produces a homogeneous mixture and prevents formation of crystals which might cause problems in filters and nozzles. Figure1. 
Experimental Design
The factors to be analysed in the experimental design chosen, as well as the various levels thereof, are those which can be controlled in the experimental device: type of fat, percentage of fat in the mixture, supply pressure and air flow.
Once these factors and their corresponding levels have been determined, the test matrix is posited, making sure that all the levels of all the factors will be tested with all the levels of the other factors the same number of times, in other words ensuring orthogonality. Table 6 shows the factors and their corresponding levels: The tests will therefore be carried out in the following order:
• Using the type of fat.
• Preparing the diesel mixtures with the different proportions of fat.
• For a single sample of a type of fat at a specific percentage, varying the supply pressure.
• For a single sample of a type of fat at a specific percentage, testing with various air flow levels for each level of supply pressure. The number of tests to be carried out to ensure orthogonality must coincide with the product of the number of levels of all the factors: 3 x 4 x 3 x 3 = 108 tests
Experimental Facility
The energy generating group is made up of a conventional house-heating boiler and burner, whose characteristics are shown in Table 7 . The control parameters of the facility are indicated in Table 8 . These values should be maintained within a certain range for the experiment to be considered stationary. Indicates the water temperature in the return tank, through which all the water flows before returning to the boiler P impulse (bar) Water pressure in the main circuit impulse, immediately prior to the distributor. P aspiration (bar) Water pressure in the aspiration of the water pump situated before entry into the distributor. P impulse fuel (bar)
Impulse pressure in the fuel pump. The characteristics of the fume analyser used to measure the combustion conditions are shown in Table 9 . 
-Experimental results
Combustion of the three types of fats mixed in different percentages with diesel, varying the supply pressure and combustion air-flow proved possible in all cases, yielding CO and NO x emission values below the legal limits, the combustion energy efficiency of the mixtures being slightly above diesel combustion. Table 10 shows all the results obtained for SANDACH category 3 fat mixed at 40%. CO emissions fall when supply pressure is increased although no clear trend is observed with air-flow. This result is due to the enhanced pulverization of the fuel in the combustion chamber when pressure is increased. The increase in the viscosity of the mixtures enhances the combustion process. Figure 2 shows the evolution of the CO ppm in the combustion fumes of mixture CT30, in terms of the supply pressure and air flow.
NO x emissions increase as supply pressure increases and excess air decreases. This is due to the increase in flame temperature as the combustion process improves and excess air falls. Figure 3 shows the evolution of the NO x ppm in the combustion fumes of mixture CT30, in terms of the supply pressure and air flow.
CO emissions with regard to the percentage of the mixture do not evidence any significant influence when the supply pressure is 14 bars. CO increases with an excess of combustion air. This is due to the kind of burner used, which suffers flame detachment. Figure 4 shows the evolution of the CO ppm in the fumes, when the mixture is injected at 14 bars, for different percentages of mixtures and three combustion air-flows. 
Conclusion
Mixtures of animal fat and diesel were successfully burned in a conventional facility, without the need for the fat to be treated, as a result of which the two aims set out in the study have been achieved: a) Energy re-use of an abundant waste source, b) To evidence that existing diesel facilities may be used, a preheated tank and stirring of the mixture being required. The fat used is an animal by-product transformed by a livestock waste handling facility, as it is brought into the installation, meaning that abundant waste is available and requires no transformation.
The mixing tank must preheat the mixture to a temperature of 38ºC, the temperature at which the mixture offers the most homogenous characteristics. The mixture must also be stirred to avoid silting due to differences in density. Conventional diesel facilities offer two adjustable parameters: supply pressure and air flow. In the current work we present the pre-established values to obtain optimum combustion. Future studies will address the use of other kinds of burners, which may use fuels with higher viscosities so as to burn fats without the need to mix with diesel.
